A study has been carried out on 250 CAD patients to see how the serum levels of three antioxidants i.e., Vitamin C, Bilirubin and Ceruloplasmin are related to the CAD risk factors and characteristics in these patients. The number of severe category CAD patients declined by 7-18% with increasing serum levels of the three antioxidants and, triple vessel disease declined by 14-20%. A decline of 39% in Myocardial Infarction (MI) occurred with increasing serum Ceruloplasmin. Serum Ceruloplasmin was significantly lower in the MI group compared to the non MI group CAD patients. There was a steady and a significant decline in the mean values of serum levels of cholesterol, Triglyceride, VLDL cholesterol along with BMI with increasing serum level. The study indicates that with increasing serum levels of the three antioxidants studied, the % MI along with % Triple vessel disease and severity of CAD goes down suggesting that the modifiable risk factors have to be suitably modified in order to maintain a reasonably high level of these antioxidants, as the risk factors are inversely related to the serum antioxidant levels.
INTRODUCTION
Coronary artery disease [CAD] remains the major cause of morbidity and mortality in all developed countries in the world and in India, it has already climbed the 'Charts' from 14 th to 4 rn place only behind tuberculosis, communicable diseases and malnutrition. Lipids and lipoproteins are important risk factors for CAD; however, they do not account for the disease in 30 to 40% of the population with CAD (1). Other risk factors include smoking, hypertension, diabetes meltitus etc. (2) . Major CAD risk factors do not predict subsequent myocardial infarction accurately and do not fully explain social class differences in Indians as Indians have a high incidence of CAD which is not fully explained by conventional risk factors. The search for CAD risk factors that might explain these variations has been stimulated by the evidence that free radicals are involved in the pathogenesis of atherosclerosis (3) and that antioxidants, both dietary and endogenous, may be important protective factors (4) .
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The antioxidant property of ceruloplasmin is through its oxidase activity, which is directed towards aromatic amines, phenols (7) as well as towards ferrous ions (ferroxidase activity) (8) . It also inhibits ferrous ion stimulated lipid peroxidation and is known to be involved in the decomposition of lipid peroxides (9). Enstrom et al. in 1992 (10) in a prospective study involving 11,348 adults showed an inverse relationship between Vitamin 'C' intake and overall cardiovascular morbidity. Nyyssonen et al. in 1997(11) on a prospective population study of 1605 healthy men aged 42, 48, 54 or 60 year in Finland showed that men who had Vitamin 'C' deficiency had a relative risk of myocardial infarction, 2.5 fold greater compared to men with higher plasma vitamin C concentration after adjustment for other risk factors.
MATERIAL AND METHODS
[] The study group consisted of 250 CAD patients who were selected after proper clinical evaluation and investigations. All the patients with liver disease, renal disease, gout, thyroid disease and Wilson's disease were excluded from the study, as well as any patient who was on antioxidant supplementation or lipid lowering therapy.
9 'P' values were calculated by unpaired 't' test.
9 CAD severity was divided into three categories, based on % stenosis.
Category % stenosis
Severe > 70%
Moderate 50-70%
Mild < 50%
Assays were done as under :
9 Total and direct bilirubin (Diazotised sulfanilic acid method) (12).
9 Vitamin C (Dichtorophenol indophenol decolorisation method) (13).
9 Ceruloplasmin (Para phenylene diamine method, Ravin, 1961 ) (14) . Table 1 lists the distribution pattern of nine major CAD risk factors (both modifiable and non-modifiable) in the 250 CAD patients in this study.
RESULTS

Bilirubin
There was a significant decrease in the serum levels of total cholesterol, triglyceride and VLDL cholesterol, with increasing serum bilirubin ( Table 2) .
Also a decline of 7.5% in the moderate CAD category patients occured with increasing levels of serum bilirubin, along with a decrease of 14% in TVD and 8% in SVD (Table 3 ).
Vitamin C A steady and a significant decline occurred in the BMI values of CAD patients with increasing levels of serum vitamin C (Table 4) .
Also, a 15% decline occured in the severe category CAD patients with increasing serum vitamin C levels, along with a 20% decline in TVD (Table 5) .
Ceruloplasmin
There was a steady and a significant decline in the BMI and serum total cholesterol values, with increasing serum levels of ceruloplasmin in CAD patients (Table 6 ).
Also, a decline of 18% in the number of severe CAD category patients occured with increasing levels of serum ceruplasmin along with 15% in TVD ( Table 7) .
A steady decline of 39% in % MI occurred with increasing levels of serum ceruloplasmin (Table 8 ).
Serum levels of ceruloplasmin, was significantly lower in the MI group compared to the non-MI group CAD patients. No significant difference was observed between the two groups, in terms of serum levels of vitamin C, and total bilirubin. (Table 9 ).
DISCUSSION Vitamin C
The steady and a significant decline of BMI with increasing serum vitamin C levels indicates a BMI dependent consumption of vitamin C for endogenous antioxidant purposes in CAD patients.
Enstrom et al. in 1992 (10) have shown an inverse relationship between vitamin C intake and overall cardiovascular mortality in a population study involving 11,348 adults.
In another study, Jialal etal. in 1990 (15) have shown that at physiological level, vitamin C and alphatocopherol both could inhibit the oxidative modification of LDL following a five hour incubation. Only vitamin C continued to inhibit the oxidative modification to a significant degree even at 24 hours and concluded that these findings could have major implications with respect to the in vivo prevention of oxidative modification of LDL by vitamin C. In the present study also, a 15% decline in the severe CAD category patients as well as a 10% decline in the CAD positive family history was observed with increasing levels of, serum vitamin C. With the total % of severe, moderate, mild as well as TVD, DVD, SVD fixed at 100%, any decrease in severe CAD category and % TVD, with increasing levels of the antioxidant, vitamin C, would be accompanied by an increase in the other two groups. This indicates that vitamin C has a protective role to play in severe CAD category patients and Triple vessel disease (TVD) groups.
Although Nyyssonen et aL in 1997 (11) have shown in a prospective population study of 1605 healthy men aged 42,48,54 or 60 years in Finland that men who had vitamin C deficiency had a relative risk of MI 2.5 compared with men with higher plasma vitamin C concentration, no direct relationship was observed in our study between % MI and serum vitamin C level, but BMI, and severity of CAD showed an inverse relationship with serum vitamin C.
Ceruloplasmin
Mateeseu et al. in 1995 (1) have shown in their studies that ceruloplasmin could protect the myocardial tissue against the deleterious effects of oxygen free radical (OFR). Ceruloptasmin, which is a chain breaking antioxidant, had an inverse relationship with % MI as there was steady decline of 39% in %MI with it's increasing levels in serum in our study. Also, there was a steady and a significant decline in BMI and serum cholesterol value along with a decreasing trend in CAD severity (18%) and TVD (19%) with increasing levels of this antioxidant. The decreasing trend in severe CAD category of TVD CAD patients with increasing levels indictes the protective role played by Ceruloplasmin in these two categories. Atanasiu et al. in 1995 (17) were also able to demonstrate the anti-arrhythmic effects of ceruloplasmin in the ischemic rat heart as it could reduce the incidence of ventricular fibrillation at reperfusion. The inverse relationship between serum ceruloplasmin and the five CAD risk factors / characteristics mentioned above, indicate the (6) have also shown in a prospective study of 7685 middle-aged men that serum bilirubin had an inverse relationship with age, % smokers, % antihypertensive drugs, and serum cholesterol. In our study also, serum cholesterol, serum triglyceride and serum VLDL cholesterol showed an inverse relationship with serum bilirubin.
Also, the decreasing trend in moderate CAD category, TVD and SVD by 7.5%, 14% and 12% respectively with increasing serum levels of this antioxidant indicates the protective role played by the same in the pathogenesis of CAD. This indicates that bilirubin as an antioxidant plays a protective role in moderate CAD category patients.
Oxidative stress, arising as a result of an imbalance, between free radical production and antioxidant deficiencies, is associated with damage to a wide range of molecular species, which includes lipids and lipoproteins also. Atherosclerosis is a process for which there is substantial evidence of a role for oxidative stress. Hypercholesterolemia is universally accepted as a major risk factor for atherosclerosis, but at any given concentration of plasma cholesterol, there is variability in the occurrence of cardiovascular events, as it has been shown that the oxidative modification of LDL might be a crucially important step Indian Journal of Clinical Biochemistry, Schwertner et al. (5) suggested that the relation of increased CAD risk with low bilirubin was a reflection of its 'consumption' in endogenous antioxidant activity. The roles and relative importance of endogenous antioxidants like bilirubin, ceruloplasmin and exogenous ones like Vitamin C, are not well understood. It is possible that an interaction takes place between endogenous and exogenous systems that in people with a deficient dietary intake of exogenous antioxidants, a compensatory increase in endogenous antioxidant production occurs. Thus, it is possible that in individuals with a low intake of exogenous antioxidants, these endogenous antioxidants might be compensating for the deficiencies and act as markers of dietary antioxidant deficiency. The antioxidants may be operating in complex ways modulated by each other. Thus, these exogenous and endogenous antioxidants might be operating both in the early phase of development of atherosclerosis as well as in the period closer to the onset of clinical events.
CONCLUSION
The study indicates that with increasing serum levels of the three antioxidants studied, the % MI along with % Triple vessel disease and severity of CAD goes down suggesting that the modifiable risk factors have to be suitably modified in order to maintain a reasonably high level of these antioxidants, as the risk factors are inversely related to the serum antioxidant levels.
